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ABSTRACT / ' 5 O G ?  

A sketch i s  given of the time decay af the Star f ' i sh  

radiaticm belt over a one year period us- data f'ran 

suf/OloR satellites hJun I and Injun III. As an example, 

the agparent mean lifetime of A. 2 MeV electrons for the period 

4.00 - 4 

about 33 days, mare-or-less independent of B mer the range 

0.1- t o  0.220 gauss. For L 2 1.5 the observed decay is  w e l l  

A t  L 1200 hours after the burst for L = 1.185 1s 

explained by the quiescent scattering and energy loss in the 

atmosphere as calculated in detail by lJalt. 

of electrons in the Starfish belt was initially Jo - 1.4 x 19 

(an sec)" a t  I, - 1.18 on the equatcrr. By June-July 1963, me 

year later, it was Jo - 4 1.5 x IO8 (cm2 sec)" at  L = 1.35 on 

the equator. 

most durable portion of the starfish belt (L - 1.35) i s  about 

The peak intensity 

2 

The mean lifetime 03' - 2 MeV electrons at  the 

16 months (or about two orders of magnitude less than the estimate 

of ~ e s s  e t  a~.. in septeaiber l e ) .  &out 10s of initially 

Injected electrons (daniaantly the hlgher energy ares) mmalned 

trapped a t  the end of one year. 

q e c t e d  was - 1.3 x 1 0 ~ 5 ,  about 3s  of the total  number 

fission-decay electrons available f'rm the Starfish burst, 

The to ta l  number initially 
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A prelidnary repart on the time histmy csf two of the 

three artif icial  radiaticm belts produced by Soviet high altitude 

atonic bursts in October-- 1w I s  given. Ihe data are 

frcm S.U.I. equips?& i n  the I.A.S.A. satellite Escplacer XIV 

(ctnartesy 09 L. A. Frank) . The mean lifetime of electrars af 

B 250 k e V W a 8  O f  the Order cxf 25 day8 far 2.4 e L C 3.6. 

A t  L > 3.6 there were marked natural fluctuaticms. 

- -  
.c 

5 8 ,  In with pxwiazs evldence, It is canFirmed 

that trapping We-times Increase rapidly w i t h  increasing 

altitude (due t o  diminishing atmospberlc density), bave a 

maxinnm of the order of a year a t  L - 1.4, then decline t o  

values of the mer of days t o  weeks at L 2? 2.0 (due to 

magnetic ard electranagnetic perturbatians) 
.c 

It is urged that an official goveFmnent report be prepared, 

sWmn€arizing current evidence, in d e r  t o  correct the excessively 

high estimates aP the injection efficiency, physical extent, 

and lifetime predictions which were contained in early, widely 

distributed government documents in the fall af 1% and to 

provide satellite engineers with realistic des- specificaticas. 

It is noted that the 1962-63 epoch I s  cme of near-mioinnrm 

s o l a r  activity arad that considerably reduced lifetimes mey be 

expected durw 1967-68-69 due to increase of atmospheric density 

a t  high altitudesard t o  enhanced ge-tic perturb8tion8. 

/.) J - r V 6 t  



3 

1. Introductioa 

There are reported herein sane further results cp the 1-0 

term his- of‘ the Starfish radiation belt  which have been 

obtained since our report to the Symposium of the Defense Atomic 

Agency OQ 15, 16 A p r U  1963 @m AU=, 1%3qb The 

bases far extenslapl of the earller uork are as follsws: 

(a) 

starfish event and for the two mcmth period f o l l w  the event 

have been reduced again and matched against B and L value8 

The InJun I data for the cine year perid pzrecedisg +3e 

compnzted with tbe improves McIlwain prcgram which employe the 

Jensen-Cain coefficients far the epoch 1960. Although this 

wark has nut yet been ccmpleted, it appears that the earlier Vc0.k 

an the spatia3 distribution and time decay crP the Intensity of 

energetic electrms w i l l  nat be changed in any impmtmt way, 

thcrugh the scatter af the experimental pointa I s  reduced 

sanewhat 

(b) 

i n  Xh3.b~  haa run a camprehensive set of experimental calibratims 

of our flight-spare, shielded Geiger tube (SpB) us- electroa 

beams f’mu the EXTI Van de craafp up t o  2.4 MeV. lhese results 

w l l l  be reparted later in pull. 

of the farm aP earlier, calculated efficiency curves and shw that 

Dr* B. J. ][Farmer of the Ung-Temco-Vaug;ht Research Center 

They give a very good ccpfirmatlon 
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the pxwlclusly used &salute eff'iciency of the SpB detect- 

can Allen, 19657 was pot in error by more thaa 5G$. 

(e) 

d the Starfish electrons w i t h  Injm 111, which carries an 

SpB detect- substantially identical to the one in Injun I, as 

well as a mwlety of other detectars which detect  the electrons 

directly.  A large bodg of Injun 111: data is  available far the 

per.%& lkcmher #& #ZW@ October 1963.  he iaitial 

parameters ab the orbit of InJun III were as follows: 

We have ccotinued to  follow the time decay of izrtenSity 

Inclinatlaa ob -it 70.4" 

period 33.6.3 minutes 

Altitude of Eerigee 230 ~mr 

Altitude of Apqee 2800 km. 

By virtue of the fact that the qolgee of Iqjun 111's orbit is 

C O l l S i d e r R b l y  higher than that UP InJun I, much iIIprOved coverage 

af t&e outer pmtioa UP the starfish belt  ba8 been achieved 

(up t o  L - 1.5 on ths equator). Results f r a m  the SpB detector 

ob Injun 111 are report& herein. A much fuller lmcrvledge o f  the 

detailed camposition and lang-tew history of the starfish 

belt will be Obtaiped when the data' frau the other detectors 

have been reduced. 

In a d d l t i a  t o  th8 &me, tbere is given herein a serles 

of' curves cu fhe time d e c a y  of the first two of the three SoPiet 
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2. Brief Review of BJun I Results 

h m g  the various detectors in the S.U.I./O.B.R. satellite 

&JUn I, the heavily shielded Gelger tube SpB has proved t o  be 

the most generally uaef'ul for d e t e m i n b g  the spatial structure 

and time decay Cg the intensities of the Starfish, though 

a\utillary information has been obtained with several of the 

other detectors. Two previous papers 09 zajun I results have 

been pubushed @Brien, Isughlin, and Vas Allen, lw 
Ean men, o*~rien, and two S.U.I. preprints 

have been distributed @m Illlea, 19633; Vaa Allen, l963y ard 

included in D.A.S.A. documents. 

The mare recent study af' Injun I data (cf. Introducfioa) 

has given no reason far substantial m o d i f i c a t i o n  of earlier 

results. Ihe characteristic of SpB for the detection of 

electrolls (Figure 1) and the initial canfiguratioa of the Starfish 

belt ( left  hand portloa of Figure 2) are reproduced f'rm the 

previous paper, which ahauld be consulted for Rtrther detail. 

lhere were estimated to  have been a total at' 

1.3 10~5 

electrons present in the Starfish radiation be l t  at 

b t - 10 hours. !&he directly determined in-flight ef'ficiency of 
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5 2  cm was in good -t with that expected by Jo/R = 10 

Figure 1 far a Carter-Reines-Wagner-Wymaa elect- spectrum. 

Che of the fin&, the-decay curves f'ran wun I data I s  

given In pigrtre 3. As wlth the previously reported t i m e  decay 

curves and accapnylng discussion /iian Allen, 19637, it is  ~ e e p  

The apparent mean lifetbes (derived f'ram the instastanears 

ai- c ~ f  the curves of 1% (counting ratej vs elapsed time) 

increased markedly durhg the first 300 haure, the effect 

be- greater at larger B valuers (smaller minlmm altitude 

h* values); 

After the first 300 hours, the apparent meep lifetimes far 

a given L value (%.e., for a given magnetic 'WeU.'') were 

appradmately independent of B (or of ha). 

As ahawn In en accmpmylng paper by Martin Walt, the set af curves 

shown in F'igure 3 has received an essentially cauplete eqlana- 

tis, both quali&ti* snd qUentifatiVely, in terms of 

quiescent autecsttering and enr?rgy loss in the atmosphere. 

In the theoretical calculatiam, the best available data on 

atmospheric density and molecular, atanic, and electronic 

caaposition a6 a Function 09 altitude were used; the trapped 

particle motion in  the real gecmgnetic field was treated at 

a hi.@ level of precision; the observed initial distr ibut ion 
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I 

(~igure 4) was taken as the starting poiat in the cacuaticm; 

and the energy dependence of the sensitivity of the SpB 

(Figure 1) was adoptea, 
rL 

Ihe success of iJalt * s c a m t i a s  (at I, .Y 1.2) 
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3. InJun =I *slats 

A large body of Iq)un III dbserpatiasls with 8n SpB detectar 

aaninaJlg identical t o  that in Injun I is now available for the 

period 13 Decaiber lw through October 1963. There is a 

come- body of simultaneous observatlals With 8 femily UP 

direct,  directional detectarrs, The value of the latter Is 

greatly enhanced by the fact that Injun I11 is a magnetically 

arlented satellite so that measurements with direct, dlrectloaal 

detectorre are made at known angles t o  local magnetic vectQp, 

especially perpendicular t o  B. A full reductica arf the 

observations will not be available for sune mcmth8. The present 

section presents p r e l i m h a q  Summaries of the SpB results. 

It is difficult t o  make a tharougbly satisfactory ccpqpesiscm 

of the absolute efficiencies of the SpB in Injun I11 with that In  

Injun I since st r ic t ly  canparable calibrations were not perfarmed 

on the respective flight unlts. They were substantitilly identical 

In shielding and employed ncminally identical 213 Gewr tubes,  

In previous work it has been f& that these nmR11 tubes differ 

in effective aunidirectianally-averaged cross-section by as 

much as a fact- of' two. A t  high latitudes the comtibg rate 

due t o  ga,lactlc cosmic rays cdl the SpB in Wun I11 (Dec. 1962 

- Jan. - Fkb. 1963) was farnd t o  be 2.2 t h e  as great as the 

C m q O R d i r r g  rate Cg tlae Q B  in'-InjUa I (Segt. - O c t o  l-). 
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On the basis of miscellanears infamation an galactic cosmic 

ray intensity frwl piorx?er Iv, Tunik I, umik II, Bcplorer XI I ,  

-1- 

M C W  and Swiet experimernt;ere, it tppe€WS that tbe inter- 

planetary cosmlc ray iatenslty increased by about a factor of 

m, Mariner 1x8 and -8 1 by d - 8  

2 be- March 1959 am3 late 1g&. Most & this increase 

apparently occurred a f t e r  Fkbnaary 1961. Slrus we tentatively 

ccaclu6e +A+ the effective cross-section ai! the SpB in 

In;)un III was 1.5 to 2 times as great as that in  InJun I 

for penetrating particles and ( h a p e w )  abaut the same far 

bremsstrahlung. In 30- tcgetber the Injun I am3 In$m IIX 

series of  -ts and, perhaps more importantly, in assessing 

the background subtracticra due t o  natural lxmer-zme protam, 

the uncertaiaty in this factor must be barne in raind. 

Ihe to the slow decay of the starfish belt over fhe 

period 6 - a 
accuracy can be fatrd by cunblnhg a l l  data on the (true) 

cuuntlz@ rete ob the SpB d\arfse a two CD? three mmth period 

into a single diagram, 

t - L 14 mcmtha, intensity contaurs of very goad 

RI@Jx% 5 is such a diagram for December l e  sad 

Jan- and Febn;rary 1963, and Figure 6, far June and July 1963. 

!me continued shrinkage of the stasfieb belt I s  evident, though 

it should be noted that by 5t .Y 12 maDths the counting-rate 



ccxxtrlbutlaa of natural prutam (cf. plgure 3 of Van Allen, 

196s) l e  imPagtaat arrd, in scms regiaas of &L space, dcntlmnt, 

m , b m ? i S @ - 8 - g \ n n a s r y O f t h %  

t h e  histcoy of SpB count- rate vs B within the magnetic t b l l  

1.175 5 L 5 1.195. Ihe decay af the stsrfish cuatributlaa by 

a factor of the ceder of 100 I s  evident between 9 July l962 

d Jbne 1963. There i s  an spparenf lack d decay be- 

2-w M U  x963, whfcii ie nni; U r X i e r M .  But one of the 

Inmediately s t r i M l l p  features af Pigure 7 I s  that far B > O R 0 3  

them qipears to bave been e s s e n t w  no decay in the counting 

rate af SpBduring a sixmc~thperiod. Fruuthis fact and fnm 

the fam of the carrnting rate vs B curves It appear8 that tbe 

Starfish caolfributlon bas shrunk to a ne@glble fraction at 

tbat dUe to  the =turd. r a d i a t l m o  If t h i s  I S  indeed SO -3 

even if InJun 111 rates are dlvlded by 8 factar as great a8 2, 

the natural Inrmr ZaDe iatepaity on the L =  1.185 shell hcmased 

by a fm- fhan 2 be- 196r. and mid-1963. such 

an bcreaee ie plausibly U n b d  to the marked reducticm in 

atmospaeriC density at high altitudes which has been fcrund by 

air drag measurements on wiriaus satellites d u r a  t b i s  period 

and attributed to a djminutlaaa of solar heat- of the 

atmosphere Q'chia, 1- Eij-We and ms,lw 
g c o l e t ,  1- ae the genera3 solar activity has declhed. 



Qn this line CXP fhought, one can easily e s t h t e  a lower 

limit to  the source -tian far protons O9 E 2 40 M ~ V  in the 

Inner stme. Thus, at L = lJ&, B = 0.l9 the annldirectiopal 

intensity af such pesticles -sed by 7 x lo2 (a2 set).' 
within a two year period. If one f’urther assumes no atmoepberic 

losses durbg this period (in the spirit of obtaining a lover 

limit) one finds that the s m e  mcticm 

7 x lo2 s >  
(6 x lo7) (0.283) (3 x 10”) 

- 

S - > 1.4 x loo1* (d sec)-l . 
upon ccmgarism with the comnic-ray m t r a n  albedo yield fuacfian 

( - 2 x 10-l4 (Cm3 set).') ~ s s ,  W i e l d ,  and 

1- It is evident that the above poss lb l l l ty  I s  plausible. 

Ebrther analysis af this aspect 09 the present results is beips 

dolle with the abJect at direct  d e t e m h a t i o n  of the Inner zone 

samce functlm. 

An* view of t h i s  same matter and perhaps the best 

s i n g b  preseatatlal of the titm hiefaqy ag tk St8rfidl belt 

is ahown by the equat0zda.l sectim of Figure 8. The lawer 

edge &the natural inner zcae at h = O o  i s  seem tohave 

moved to lower alt i tudes by 115 to 170 km depending on whether 



one divides the counting rates of the Injun 111 SpB rates by 

2 or by 1 for catgarism with those of the Wun I SpB. 

Ihe the histary of the stsrfish belt, aa measured by a 

shielded eiger tube, I s  exhibited in simgl i f led farm in 

Figure 8. 

The cmtributiar of the Starflsh electram to the 

counting rate of the SpB at about one year af'ter the 

bIK%t is &!z@.*QibLe cczQxlre t o  thst ab the naixral 

radiatioa (i.e., J~ e 2 x 107 (a2 Sec)-l of fiseiar 

Spectnrm electrcm or equivalent) for L 4 1.17 axl 

far L 1.6. 

N 

- 
h 

Pze peak intenaity of the stasfish belt has shifted 

its initial V R h e  of Jo 1.4 X 12 (a 2 Sec)O1 8% 

L = 1.18 (9-10 JUIy 19&) to Jo 4 1.5 x lo8 

(a2 

€lypigure 8 and 

value of the vdume integral of the SpB cauatipe rate 

Cnar the S"ish belt in J b e  1963 did not exceed 

.v 

at L = 1.35 (;Rme 1963). 

6 it is estimated that the 

w cb i t 8  mtial -w. ~n view the w - y  

m o r e  rapid loss of lower energy electrons 

Eklt, lw, it I s  further estimated that about lo$ 

(mostly those of E > 3 MeV) of the initially 
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injected StaFfiah electrons Bwryived OLEB Jrear. It will 

be recalled in ASLW, 1963q that &art 396 e 
the total. fissim electrons amdletble fran the 1.4 

26 megafaDl burst (5 X 10 ) Were present mpp0d arbits 

at A t  d 2Oh-8. 

!Phe mean lifetime of electrans of energy - 2 MeV at the 

most durable part of the Starfish belt (I, .Y 1.35) I 8  

ebgiit Z5 - a s  ( two ~ e r s  af e t u d e  less than 

estimates af ~ e s s  et a. in septeatber le). W mean 

lifetime is lese at both lower ami hlghe!r values of L. 

!&e data fram the f'ull array of InJun I11 detectars are 

- 

In process of reductlua and will be reporrted later. 
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4. Hobs an the Soviet Radiation Belts 
09 October -- l g e  

Prree artificial mdiatlcm belts were produced by Smbt 

hl& a3titude atanic bursts In  late le. T2ze dates cif these 

bursts have been ~nnobloced as 

bursts occurred, it -des an Sppareatly unique, before-and-after 

cwerage of the particle intensities in the affected regians for 

a l l  three of these bursts, as did Injun I far S t a r f i s h .  
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ahdxnm as e function of time fraa early October 19Q to  

latter February 1963, for L - > 2.4. Ihe range of -tic 

latitude of the obseroatiars is 15" 4 A 4 25' fcn. - -  
L - 2.4, 2.6, d 2.8; io* L - -  A c 30" for L = 3.2 a d  3.4; 

sad 0' 4 0 -  A 4 2 0 '  fCnr L =  3.6, 42, ard 4.8. 

features may be natea: 

(a) 

3.6 #ere was a IpBsked increase in  intensity between 23. and 

23 October. !&is iacrease is attributed to the first aP the 

three met bursts. such an increaee was not seen at 

and 4.0. 

(b) 

Increase, 09 cclnpsrable -tude to the first, was obserped 

Tlae fdllm 

On the magnetic n h a f s  L = 2.4, 2.6, 2.8, 3.2, 3.4, and 

= 4.2 

ch the  -tic &eUs L = 2.4 snd 2.6 a secabd marked 

to  hs~e occurred be- 27 October srrd 30 octder, TMS incresse 

I s  attributed to the seecad of the three Soviet bursts. !be 

increase vas not discerned on shel ls  having L - > 3.4. 

(c) 
I Ro Increase In intermlty due t o  the third buret was 

0een far L - > P.4. 



(a) As observed q times before w i t h  Explorer IV, 

B c p l m  VII, -1-r XII, and -1- XIV, the natural time 

fl.tU€ltiom in  the iIxte3mity electrolns in the MeV energy 

increased xnarkedly with increasing L. Far L > .-c- 3.6, 

natural fluctuations of uver a factor-&-ten within times of the 

order of a day or less axe cannon. 

(e) 

(eiectmns Ze 3 - 250 -keV) disappeared in to  the natural back- 

&raund by- 1 Jaa~ary 1963 for L E  2.4, 2.8, and 3.2 and 

by 15 lbeaber for L = 3.6, The apparent mean lif'etime was of 

the order of 25 days far 2.4 - -  L 4 3.6. The early d i v e  

of the artificieJly injected electrms on the L = 3.6 shell 

was due to  a catastrophic geophysical event, whose influence 

was also discernible at L = 3.2. 

(f)  

artif'lcially ia;lected electrons fran each of the first two Soviet 

'phe effects of the f i r s t  and secund m e t  bursts 

A preliminary estimate cd! the total Inventory of 

24 buret6 18 1.5 % 10 . 
-6 aad 12 Shawn 6- mlhr w e 8  O f  

xtatureJ time fluctuations of the intensity of electrms 09 

energy greater than 2 MeV in the outer zcme @x%ush, 

vi3Ilketessn, end McIlwain, 196g@rbuBh, Pizzella, and 

venlratesan, sirnilas measwements have also been reparted 
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befure for the inru4i zme @zzella, BkULwain, and Vep Allen, 
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5. Ilemaxks 

(e) 

an epoch o ~ a r  the minimum of the current =-year solar activity 

cycle. DLp.ing this period there are markedly reduced 10SSeS and 

perturbati- a9 ge-tically trapped particles for two 

principal reasuns - markedly reduced atmospheric density at high 

at+.Zhzdee & a mrk& rebttior in g e m t i c  e+--ict-t%ixI~. 

(Kiqg-Bele snd Rees fiw report tht the atmospheric dens i ty  at 

400 km dbin l shed  by a fact= of 5 between 1958 and 1962 while 

that at 600 Ima dblnished by a actor af 30.) By the same takens, 

it is reasaable to expect that particle loss rates w l l l  be much 

greater during the next period of Zd& solar activity (1967-68-69) 

than d- 1962-63, !llhe present writer expects the last 

observable vestiges of the starfish belt  to disappear by 1969. 

(b) 

13 provides the basis far noting thet 1962-63 is 

Varlaas govemmeatal reports Issued in the early fsll of 

1962 reported - 40$ injection efYicIency of stEirflf3h electrane 

and quoted anticipated lifetimes of the arder of 100 years, TLb9 

present writer has nuted that these early reports are sti l l  be- 

used for - purposes in variaus industrial and gavenanentsl 

labaratorie~. In view of the naw overwhelmlng evidence that these 

reports gave too high an injectitxi efficiency by about a fact- 

uf tea aad too laag a lifetime by at least 8 faCtCtr of ten, it is 



20 

clear that maqy satellite englneere are laboring under quite 

false a& excessive design specifications. 

literature appears inadequate to correct this situation, 

Hence, it is urged that D.A.S.A. ar anuther suitable agency 

s h a d  attempt a remedy by issuing a new report summarizing 

Ihe regular scientific 

current knawledge and C a F l Y i n g  the authority of the federal 
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Pigure 1. calculated ratio (e = R/Jo) Oi the c-tbg rate R 

of the SpB Wiger  tube in Injun I am3 In$m 111 due to 
bremsstrahlupg fron nca-penetrating, monoenergetic 
electrons aP energy E and aonidirectianal intensity Jo. 
dIV/dE is the absolute differential spectral intensity 
af electruns Avrn U fissicm producrts (no. of electrons 
per MeV per fissim) accming to carter, Reines, 
Wagner, and w, phys. -*,a, 2-86,1959. 

Figure 2. Intensity structure uf the strarflsh radlatian belt  
at tuo diFferent time epochs. llhe factor lo4 is  the 
one applicable to the electzm spectrum of Carter et al. 
(courtesy L. A. Frank). 

pre;Ure 3.  A final decay currre far the caplditiclns as listed da 
the d-0 

lFJgure 5 .  SpB counting rate cantours. Background has not been - 
subtracted atd is important (see van AIL-, 1963a, and 

F m  8 ) .  

Figure 6. SpB cauatipg rate contours, Background . -  not 
been subtracted aed is impartant (see Van Allen, 1%3a, 
and Figure 8 ) .  

Figure 7. A simplified time hist- far L - 1.185. 



Figure 8. 4uatarial sectibn of the inner zone at several time 
epochs. The curve marked June/2 has --half tlk 
cndlnate values of the rmcve marked June 1963 InJun I11 
and indicates the lowest level of the counting rate of 
the SpB In Injun 111 which can reasonably be adopted as 
nomalizud to the SpB rates of InJm I. 

Figure 9. Reduced data on directly measured electron intensities 
orp E 3 250 bev in the outer z o ~ e  (A 5 30°)  in  the 
region af the 22 Octdber and 28 October 1gQ saviet 
artificial belts. Ikita fram S.U.I. equipment in 
-1- XIV (courtesy I,. A. Frank). 

u 

Mgure ll. An example 09 tacporaJ. fluctuations of the intensity 
of electrons ai! energy E > 2 MeV in the natural outer 
zone at altitude a9 -locOkm as m e a s u r e d  xith 
Eqlorer m &bueh3 VeEetes"", -nrl *m?Eic, 

pigure 12. Further examples of temporal fluctuations of the 
intensity of' electrons af energy E > 2 MeV in the 
natural outer zope at altitudes of - lo00 km as 
measured w i t h  Ekplarer V I 1  &bush, pizzella, and 
Venkatesan, l 9 q .  

Pigure 13 . A plot of the current solar activity cycle (Central. 
Radio Prapagatlon Iabmtaries, l\hstianal Bureau of 
Sfxmdards, Buulder, Colorado). 
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